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BACKGROUND: Cardiogenic shock (CS) is a complex syndrome associated with high morbidity and mortality. In recent years,
many US hospitals have formed multidisciplinary shock teams capable of rapid diagnosis and triage. Because of preexist-
ing collaborative systems of care, hospitals with left ventricular assist device (LVAD) programs may also represent “centers
of excellence” for CS care. However, the outcomes of patients with CS at LVAD centers have not been previously evaluated.

METHODS AND RESULTS: Patients with CS were identified in the 2012 to 2014 National Inpatient Sample. Clinical characteristics,
revascularization rates, and use of mechanical circulatory support were analyzed in LVAD versus non-LVAD centers. The
association between hospital type and in-hospital mortality was examined using multivariable logistic regression models.
Of 272 075 hospitalizations, 26.0% were in LVAD centers. CS attributable to causes other than acute myocardial infarction
represented most cases. In-hospital mortality was lower in LVAD centers (38.9% versus 43.3%; P<0.001). In multivariable
analysis, the odds of mortality remained significantly lower for hospitalizations in LVAD centers (odds ratio, 0.89; P<0.001). In
patients with CS secondary to acute myocardial infarction, revascularization rates were similar between LVAD and non-LVAD
centers. The use of intra-aortic balloon pump (18.7% versus 18.8%) and Impella/TandemHeart (2.6% versus 1.9%) was similar
between hospital types, whereas extracorporeal membrane oxygenation was used more frequently in LVAD centers (4.3%
versus 0.2%; P<0.001).

CONCLUSIONS: Risk-adjusted mortality was lower in patients with CS who were hospitalized at LVAD centers. These centers
likely represent specialized, shock team capable institutions across the country that may be best suited to manage patients
with CS.
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ments, cardiogenic shock (CS) remains a dev-
astating condition with high rates of morbidity
and mortality. On the basis of data from older stud-
ies,’ timely revascularization is still the cornerstone
of management for CS after acute myocardial infarc-
tion (AMI-CS), although the impact on survival in the

Despite the changing landscape of current treat-

modern era has been less clear.* In recent years, per-
cutaneous mechanical circulatory support (MCS) de-
vices have been used with increased frequency and
earlier in the course of the illness for a broader popu-
lation of all comers with CS. However, discordant find-
ings in the literature with respect to mortality have been
difficult to reconcile.®®
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CLINICAL PERSPECTIVE
What Is New?

There has been increased interest in the identi-
fication of cardiogenic shock “centers of excel-
lence” that can proficiently implement a “shock
team” model.

e The present study found that risk-adjusted
mortality was lower in patients with cardiogenic
shock hospitalized at left ventricular assist de-
vice centers compared with non-left ventricular
assist device centers.

What Are the Clinical Implications?

e | eft ventricular assist device centers may repre-
sent cardiogenic shock “centers of excellence”
that can leverage collaborative systems of care
that are already in place.

e This study provides a potential framework
to identify “shock team” capable institutions
across the United States that can actively par-
ticipate in larger studies of cardiogenic shock.

Nonstandard Abbreviations and Acronyms

AMI-CS cardiogenic shock after acute

myocardial infarction
CS cardiogenic shock
IABP intra-aortic balloon pump
MCS mechanical circulatory support
NIS National Inpatient Sample

Non-AMI-CS cardiogenic shock related to
causes other than acute
myocardial infarction

In recognition of the hemodynamically complex and
heterogeneous nature of this syndrome, the most re-
cent paradigm shift in CS care has focused on “cen-
ters of excellence” that can proficiently implement a
“shock team” model and serve as tertiary referral cen-
ters. Consisting of specialists in advanced heart failure,
interventional cardiology, cardiovascular surgery, and
critical care medicine, the CS team aims to system-
atically enhance early recognition of the shock state,
identify patients in need of reperfusion, obtain and in-
terpret serial hemodynamic data, consider MCS, and
ultimately evaluate patients for weaning, escalation, or
withdrawal of support.” Evidence for these models has
been favorable but comes from a small sample of sin-
gle-center experiences, and larger studies are needed
to confirm a true benefit.8:°

Hospitals that perform left ventricular assist device
(LVAD) implantation frequently have the necessary
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infrastructure to evaluate and treat patients with ad-
vanced heart failure and CS, and the processes al-
ready in place at these specialized institutions can
be repurposed for the creation of a “shock team.”
Therefore, LVAD-capable institutions may represent
potential “centers of excellence” for the management
of CS. However, the outcomes of patients with CS at
LVAD centers have not been previously reported.

Using the National Inpatient Sample (NIS), we ex-
amined CS outcomes in LVAD centers. We hypothe-
sized that LVAD centers would have lower in-hospital
mortality compared with hospitals that did not perform
LVAD implantation.

METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request.

The NIS is the largest database of inpatient hos-
pital stays in the United States. Data originated from
the Agency for Healthcare Research and Quality
Healthcare Cost and Ultilization Project. In 2012, the NIS
was redesigned to approximate a 20% stratified sam-
ple of discharges from all nonfederal US hospitals.!
For each hospitalization, diagnoses and procedures
are provided using the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes. Because the study cohort was de-
rived from a deidentified, publicly available database,
the study was exempt from formal review by the Weill
Cornell Medicine (New York, NY) institutional review
board.

Study Population

From 2012 to 2014, hospitalizations for patients aged
>18 years with a diagnosis of CS were identified using
ICD-9-CM code 785.51. Discharges with missing data
for in-hospital death and hospitalizations in which a pa-
tient was admitted and discharged alive on the same
day were excluded. For hospitalizations that involved
interhospital transfer, discharges in which the patient
was transferred out to another short-term care hospi-
tal were excluded. However, because transfers in from
another hospital had all relevant outcome data, they
were included in the analysis. This would avoid the
possibility of duplicating a hospitalization for the same
patient if it involved interhospital transfer. We excluded
discharges for patients who underwent heart trans-
plantation (/CD-9-CM procedure code 33.6 or 37.51) or
LVAD implantation (/{CD-9-CM procedure code 37.66)
during the hospitalization to maintain a fair comparison
between study groups. Elective hospitalizations were
also excluded. Relevant procedures performed during
the hospitalization (percutaneous coronary intervention
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[PCI], coronary artery bypass grafting [CABG], intra-
aortic balloon pump [IABP], Impella/TandemHeart,
extracorporeal membrane oxygenation [ECMOQ], pul-
monary artery catheter, mechanical ventilation, and
cardiopulmonary resuscitation) were identified using
ICD-9-CM codes (Table S1).

Primary Exposure and Outcome

The primary exposure was whether the hospital type,
for each admission, was an LVAD center. To determine
this, we separately looked at hospitalizations for pa-
tients aged >18 years who underwent LVAD implan-
tation from 2012 to 2014 using /ICD-9-CM procedure
code 37.66. For our study population, if the admission
took place at a hospital that performed at least one
LVAD implantation in the same year, a designation of
LVAD center was assigned. Non-LVAD centers were
further stratified into nonpeer or peer institutions, with
the latter defined as large hospitals providing CABG
surgery, similar to a previous study."

The primary outcome was in-hospital, all-cause
mortality. We also examined the association between
hospital type and in-hospital mortality in the following
prespecified subgroups: aged >75 versus <75 years,
female versus male sex, AMI-CS versus CS related to
causes other than AMI (non—-AMI-CS), revascularized
versus nonrevascularized patients, and interhospital
transfers versus nontransfers.

Statistical Analysis

We compared baseline characteristics between hospi-
tal type (LVAD and non-LVAD centers) using Rao-Scott
X2 tests for categorical variables and survey-specific
t-tests for continuous variables. Given the large sam-
ple size, standardized differences were calculated
similar to previous studies of the NIS, with a differ-
ence >10% considered clinically meaningful.'” To de-
termine whether hospitalization in an LVAD center
was independently associated with in-hospital mortal-
ity, we constructed a multivariable logistic regression
model incorporating the following variables: age, sex,
primary expected payer status, median household in-
come, weekday versus weekend admission, hospital
characteristics (region, bed size, location, and teaching
status), all Elixhauser comorbidities, cardiac comorbid-
ities (prior myocardial infarction, prior PClI, prior CABG,
coronary artery disease, and family history of coronary
artery disease), presentation (AMI or non-AMI), and
procedures (cardiac arrest or mechanical ventilation
within 24 hours of presentation, PCI, CABG, IABP use,
and other MCS use [ECMO or Impella/TandemHeart]).
To ensure the robustness of our findings, we repeated
a separate analysis in which LVAD centers were com-
pared with only non-LVAD centers that were consid-
ered peer institutions.
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For all analyses, we accounted for the complex survey
design by using stratification and cluster variables. We
weighted the data accordingly to produce nationally rep-
resentative estimates. Statistical analysis was conducted
using SAS software, version 9.4 (SAS Institute Inc, Cary,
NC) and IBM SPSS Statistics for Windows, version 26.0
(IBM Corp, Armonk, NY). All P values were 2 sided, with
a significance threshold of P<0.05. Categorical variables
are expressed as percentages, and continuous variables
are expressed as mean+SD.

RESULTS

Patient and Hospital Characteristics

There were 272,075 hospitalizations for CS after applying
specific inclusion and exclusion criteria to the database
(Figure 1). Of those, 70,685 hospitalizations (26.0%) were
in LVAD centers and 201,390 hospitalizations (74.0%)
were in non-LVAD centers. The clinical and hospital
characteristics for the study population are presented in
Table 1 (additional characteristics in Table S2).

Patients at LVAD centers were younger, more likely to
be Black, and more likely to have private insurance com-
pared with patients at non-LVAD centers (P<0.001). There
were similar rates of cardiovascular risk factors, including
hypertension, diabetes mellitus, obesity, coronary artery
disease, chronic heart failure, valvular disease, and pe-
ripheral vascular disease (all standardized differences
<10%). LVAD centers were more likely to be large hospi-
tals (91.2% versus 58.6%), urban centers (99.9% versus
95.4%), and teaching institutions (98.1% versus 55.9%)
compared with non-LVAD centers (P<0.001).

In the overall population, non-AMI-CS cases were
more common compared with AMI-CS cases (52.5%
versus 47.5%), with a higher prevalence in LVAD
centers (62.3% versus 37.7%; P<0.001; Table 2).
Accordingly, revascularization (PCl or CABG) was
performed in a higher percentage of patients with
CS in non-LVAD centers. In the subpopulation of
patients with AMI-CS (129,330 cases), there were
similar rates of PCl or CABG in LVAD and non-LVAD
centers (53.6% versus 52.6%), but CABG rates were
higher in LVAD centers (subgroup characteristics and
procedures in Tables S3-S6). There was a higher
percentage of AMI-CS cases treated with early
PCI (<24 hours) in non-LVAD centers (32.1% versus
24.6%; P<0.001). In the subgroup of AMI-CS cases
treated with early PCI, in-hospital mortality was the
same in both LVAD and non-LVAD centers (31.7%
versus 31.8%).

Differences in the use of temporary MCS for the study
population are illustrated in Figure 2. Over the study
period, IABP was the predominant type of circulatory
support device, and was used far more frequently in
AMI-CS compared with non—-AMI-CS cases. IABP use
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All patients >18 years old with cardiogenic shock in NIS database 2012-2014

Exclude patients with missing data on in-hospital

Exclude patients admitted + discharged alive on same

N =332,120
> mortality, N = 120
\ 4
Patients with data on in-hospital mortality
N =332,000
Exclude patients with elective admissions
> N = 34,895
A4
Patients with non-elective admissions
N =297,105
day, N =2,625
A4

N =294,480

Patients not admitted + discharged alive on same day

Exclude patients who received heart transplant or

LVAD placement, N = 5,710

v

hospitalization, N = 288,770

Patients without heart transplant or LVAD placement during

Exclude patients transferred out to another acute care

hospital, N = 16,695

Final study population
N =272,075

Figure 1. Study population.

Flowchart of study patients. LVAD indicates left ventricular assist device; and NIS, National Inpatient

Sample.

was similar in both LVAD and non-LVAD centers. Other
devices, such as Impella/TandemHeart and ECMO,
were used less frequently overall. ECMO was used in
4.3% of hospitalizations in LVAD centers compared
with 0.2% of hospitalizations in non-LVAD centers, with
a similar rate in AMI-CS and non-AMI-CS cases (4.4%
versus 4.2%). Impella/TandemHeart devices were used
in 2.6% of hospitalizations in LVAD centers compared
with 1.9% in non-LVAD centers (standardized difference
<10%). In addition, the rate of pulmonary artery catheter
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placement was higher in LVAD centers compared with
non-LVAD centers (Table 2).

In-Hospital Mortality

The in-hospital mortality rates were 38.9% and
43.3% in patients hospitalized at LVAD centers and
non-LVAD centers, respectively (unadjusted odds
ratio [OR], 0.84; 95% ClI, 0.79-0.88; P<0.001). After
multivariable adjustment, the odds of mortality
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Table 1. Baseline Characteristics
Overall LVAD Hospital Non-LVAD Hospital Standardized
Characteristic (n=272 075) (n=70 685) (n=201 390) P Value Difference, %
Age, y 67.5+14.5 64.1+15.1 68.7+14.1 <0.001 13.9
Women 39.6 38.0 40.2 <0.001 4.4
Black race 13.0 1741 1.5 <0.001 15.9
Weekend admission 26.1 23.3 26.3 <0.001 6.9
Bed size <0.001
Small 9.3 0.8 12.3 477
Medium 23.6 8.0 291 56.3
Large 67.1 91.2 58.6 81.0
Urban location 95.4 99.9 93.8 <0.001 35.8
Teaching hospital 66.9 98.1 55.9 <0.001 115.9
Region <0.001
Northeast 18.0 23.9 15.9 20.3
Midwest 21.3 22.9 20.7 5.4
South 39.6 39.7 39.6 0.2
West 211 13.5 23.8 26.9
Cardiac comorbidities
Known coronary artery disease 53.9 50.7 55.0 <0.001 8.6
Family history of coronary artery disease 3.1 3.1 31 0.829 0.3
Prior myocardial infarction 9.9 10.3 9.8 0.208 1.6
Prior percutaneous coronary intervention 8.8 9.5 8.5 0.005 3.6
Prior coronary artery bypass surgery 7.5 7.8 7.4 0.215 1.4
Elixhauser comorbidities
Congestive heart failure 242 245 241 0.414 1.0
Chronic pulmonary disease 25.2 22.0 26.3 <0.001 1041
Coagulopathy 20.9 25.2 19.4 <0.001 13.9
Deficiency anemias 241 21.8 24.9 <0.001 7.3
Diabetes mellitus (uncomplicated) 27.4 26.3 27.8 0.011 3.3
Diabetes mellitus with complications 7.9 6.7 8.3 <0.001 6.1
Hypertension 57.9 55.1 58.8 <0.001 7.5
Liver disease 4.4 5.1 4.1 <0.001 4.5
Fluid and electrolyte disorders 62.0 63.5 61.5 0.021 4.0
Obesity 14.1 14.3 141 0.665 0.6
Peripheral vascular disease 13.8 13.8 13.8 0.916 041
Pulmonary circulation disorders 6.6 7.6 6.2 <0.001 5.5
Chronic renal failure 31.4 32.3 31.0 0.054 2.8
Valvular disease 7.0 7.3 6.9 0171 16
Weight loss 12.7 14.9 12.0 <0.001 8.7
>3 Elixhauser comorbidities 74.5 75.3 74.3 0.279 2.2

Data are given as mean+SD for age; otherwise, percentages are given. LVAD indicates left ventricular assist device.

remained lower for hospitalization in an LVAD center
(adjusted OR, 0.89; 95% CI, 0.83-0.94; P<0.001).
Revascularization was associated with lower in-
hospital morality (adjusted OR for PCI, 0.40; 95%
Cl, 0.34-0.43; P<0.001). Percutaneous support was
associated with increased odds of mortality (ad-
justed OR for Impella/TandemHeart, 2.5; 95% CI,
2.1-2.8; P<0.001; and adjusted OR for ECMO, 4.4;
95% Cl, 3.6-5.4; P<0.001). There was a significant
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interaction between hospital type and age >75 years
for in-hospital mortality (P, eraction=0-004; Figure 3).
The odds of in-hospital mortality were lower in pa-
tients hospitalized at LVAD centers for those aged
<75 years, whereas there was no difference in mor-
tality for older patients. Also, in the subgroup of
patients who were not transferred between hospi-
tals, mortality rates were still lower in LVAD centers
(Figure 3).
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Table 2. Case Presentations and Procedures

Cardiogenic Shock in LVAD vs Non-LVAD Centers

Overall LVAD Hospital Non-LVAD Hospital Standardized

Variable (n=272 075), % (n=70 685), % (n=201 390), % P Value Difference, %
Presentation

Non-AMI-CS 52.5 62.3 49.0 <0.001 27.0

AMI-CS 475 37.7 51.0 <0.001 27.0
Procedures

CPR or intubated <24 h of admission 34.8 311 36.1 <0.001 10.4

IABP 18.8 18.7 18.8 0.847 0.3

Percutaneous support (Impella/TandemHeart) 21 2.6 1.9 <0.001 5.2

ECMO 1.3 4.3 0.2 <0.001 274

PCl or CABG 28.7 25.2 29.9 <0.001 10.3

CABG 8.7 10.7 8.0 <0.001 9.4

PCI 21.2 16.5 231 <0.001 194

Mechanical ventilation 53.6 51.5 54.3 <0.001 5.6

Pulmonary artery catheter 7.0 14.6 4.3 <0.001 35.4

AMI-CS indicates cardiogenic shock after acute myocardial infarction; CABG, coronary artery bypass grafting; CPR, cardiopulmonary resuscitation; ECMO,
extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; LVAD, left ventricular assist device; Non-AMI-CS, cardiogenic shock related to causes
other than acute myocardial infarction; and PCI, percutaneous coronary intervention.

When LVAD centers were compared with peer insti-
tutions (defined as CABG-capable centers with a large
bed size; characteristics and procedures in Tables S7
and S8) in a sensitivity analysis, in-hospital mortality
was lower in LVAD centers (adjusted OR, 0.89; 95% Cl,
0.84-0.95; P<0.001). The rate of CABG in both groups
was similar (10.7% versus 10.3%; P=0.44), and the rate
of PCI was higher (15.5% versus 25.8%) in the peer
institutions. The use of Impella/TandemHeart in both
groups was similar (2.6% versus 2.5%), but ECMO re-
mained more frequent in LVAD centers (4.3% versus
0.3%; P<0.001).

Last, the odds of in-hospital mortality were even
lower in LVAD centers when the study population
criteria were amended to include patient subgroups
that were initially excluded. For example, when the
5710 CS hospitalizations in which the patient went
on to receive heart transplant or LVAD implantation
on the same admission were included as part of
the study population, the in-hospital mortality rates
were 37% and 43.3% for LVAD centers and non-
LVAD centers, respectively (adjusted OR, 0.83; 95%
Cl, 0.78-0.88; P<0.001). When elective admissions
(N=34 895) were included as part of the original

35%

Prevalance (%)

AMI-CS subgroup

30%

25%

20%

15%

10%

II
im B

IABP Impella/TandemHeart ECMO

B LVAD center @ Non-LVAD center

IABP Impella/TandemHeart ECMO
Non-AMI-CS subgroup

Figure 2. Temporary mechanical support in left ventricular assist device (LVAD) vs non-LVAD
centers, subdivided into the cardiogenic shock after acute myocardial infarction (AMI-CS)
and cardiogenic shock related to causes other than acute myocardial infarction (non-AMI-CS)

subpopulations.

ECMO indicates extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; and LVAD, left

ventricular assist device.
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In-hospital Mortality P-value
Adjusted OR LVAD Non-LVAD
Subgroup (95% ClI) Odds Ratio Center Center Effect Interaction
Overall 0.89 (0.83-0.94) —— 38.9% 43.3% <0.001
Age 0.004
<75Years 0.83(0.77-0.89) —— 356% 38.8% <0.001
>75Years 0.96 (0.87-1.05) —a— 48.0% 50.5% 0.013
Sex 0.099
Male 0.87 (0.81-0.94) —— 37.2% 416% <0.001
Female 0.91 (0.84-1.00) —— 41.6% 45.7% <0.001
AMI 0.116
Yes 0.96 (0.88-1.04) —— 38.6% 41.3% 0.001
No 0.84 (0.78-0.91) —— 39.0% 45.3% <0.001
PCl or CABG 0.067
Yes 0.94 (0.84-1.06) —a— 242% 26.9% 0.004
No 0.87 (0.81-0.93) —— 43.9% 50.2% <0.001
Transfers In 0.956
Yes 0.85(0.76-0.95) —@— 38.3% 39.3% 0.368
No 0.91 (0.84-0.98) —i— | 389% 43.6% <0.001
«— LVAD Center Better Non-LVAD Center Better —
r 1 1
0.75 1.00 1.256

Figure 3. Association between left ventricular assist device (LVAD) centers vs non-LVAD centers

and in-hospital mortality in cardiogenic shock.

AMI indicates acute myocardial infarction; CABG, coronary artery bypass grafting; OR, odds ratio; and

PCI, percutaneous coronary intervention.

study population, the adjusted OR was 0.86 (95%
Cl, 0.81-0.91; P<0.001).

DISCUSSION

Using a nationally representative sample of patients
hospitalized with CS, we found that LVAD centers had
lower in-hospital mortality compared with non-LVAD
centers. This difference remained significant after mul-
tivariable adjustment for patient and hospital character-
istics, as well as relevant in-hospital procedures. Most
CS hospitalizations took place in non-LVAD centers,
and there were more hospitalizations for non—-AMI-CS.
In addition, younger patients derived the most survival
benefit from LVAD centers compared with non-LVAD
centers. Finally, although revascularization was associ-
ated with improved survival, the difference in mortality
between LVAD and non-LVAD centers was more ap-
parent in patients with non—AMI-CS and patients who
did not receive revascularization.

Although patients admitted to non-LVAD centers
had a similar burden of Elixhauser and cardiovascular
comorbidities compared with patients hospitalized in
LVAD centers, they were older on average, and age
was independently associated with worse survival.
Patients aged >75 years had higher case fatality rates,
consistent with previous studies of CS that have re-
ported a worse prognosis and a variable response to
interventions in this population.’'3="® More important,
it was younger patients with CS (aged <75 years) who

benefited most from hospitalization in an LVAD cen-
ter compared with a non-LVAD center. This is not sur-
prising as younger patients with CS are less likely to
have end-organ failure, neurological injury, comorbid
conditions, including frailty, and bleeding disorders.®
Therefore, they are more likely to be candidates for
aggressive treatment measures, including early revas-
cularization, mechanical ventilation, therapeutic hypo-
thermia, hemodialysis, and MCS.

Consistent with previous studies of CS, there was
a clear survival benefit in patients who received re-
vascularization."-® However, even when controlling for
revascularization, hospital type (LVAD center versus
non-LVAD center) remained independently associated
with in-hospital mortality. Furthermore, in the AMI-CS
subpopulation, revascularization rates (CABG or PClI)
were similar between LVAD and non-LVAD centers.
Most hospitalizations in our study were actually for
non—-AMI-CS, and they represented 62% of hospital-
izations in LVAD centers. This finding is consistent with
other observational studies from centers considered
referral hubs for CS. In 2 contemporary single-center
studies of CS, decompensated heart failure was the
cause in 60% and 63% of cases.®!” Recently, in a
study of 3049 admissions from 16 hospitals in North
America, more than two thirds of all CS cases were
for non-AMI-CS."® These findings are not unexpected.
Patients with advanced cardiomyopathy, both isch-
emic and nonischemic, are often referred to heart
failure specialists in LVAD centers and are therefore
more likely to be admitted to the same center if they
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decompensate. Also, there are rare causes of acute
heart failure (giant cell myocarditis and checkpoint in-
hibitor myocarditis) that may require right ventricular
biopsy, immunosuppressive medications, and urgent
MCS necessitating earlier transfer to tertiary centers.

The difference in survival between LVAD and
non-LVAD centers was more impressive for the non—
AMI-CS subpopulation. This may be partially explained
by variations in the pattern of MCS use in LVAD cen-
ters versus non-LVAD centers. The use of Impella/
TandemHeart and IABP devices was similar between
hospital types and, as expected, was more frequent in
AMI-CS cases compared with non—-AMI-CS. However,
ECMO use was significantly more prevalent in LVAD
centers, and it was deployed with similar rates in
AMI-CS and non-AMI-CS hospitalizations. Although
there is still no compelling evidence that any MCS de-
vice improves outcomes in AMI-CS, their use in non—
AMI-CS remains largely understudied. Venoarterial
ECMO has not been the subject of randomized trials
but, nonetheless, is being used with increased fre-
quency in many centers.'® This trend, particularly over
the past year, may reflect recent changes in the heart
transplant organ allocation policy, which now priori-
tizes transplant for patients on venoarterial ECMO.2%21
Despite a paucity of data overall and some controversy
about this policy change,?? there is a physiologic ra-
tionale for ECMO with or without left ventricular un-
loading in certain phenotypes of non—-AMI-CS, such as
acute on chronic biventricular failure, right ventricular
failure with hypoxia, and pulmonary hypertensive cri-
sis.2324 Sitill, in our study as in others, ECMO use was
associated with increased odds of in-hospital death,
most likely related to increased illness severity but also
MCS-associated complications.® Further studies are
needed to elucidate the full impact of ECMO and other
MCS devices on CS outcomes.

The observational nature of this study limits our
ability to know with certainty the reasons why LVAD
centers had lower mortality rates. Although there may
be several more traditional hospital-level factors that
are more commonly associated with tertiary referral
centers in general and less specific to LVAD centers
only, we feel that that this was unlikely to account for
the differences in outcome. First, although LVAD cen-
ters were more likely to be large, teaching hospitals
in urban locations, neither hospital size nor teaching
status had an impact on mortality in our logistic re-
gression model. Also, when we compared LVAD cen-
ters with peer institutions defined as large hospitals
with cardiac surgery capabilities, LVAD centers still
performed better. Because the 2012 to 2014 NIS sam-
pling scheme precluded accurate determination of
hospital case volume, it was not included in our logistic
regression model. In one NIS study of CS hospitaliza-
tions between 2004 and 2011, there was a correlation
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between case-volume and in-hospital mortality, but
notably, LVAD centers were part of every volume quar-
tile, suggesting that there are benefits that extend
beyond increased caseload.?® And finally, hospitaliza-
tions in specialized centers do not universally equate to
better outcomes. In a study of Medicare patients with
heart failure, 30-day risk-adjusted mortality was similar
between heart transplant centers and nontransplant
institutions in the same geographic area."

It is more likely that LVAD centers have better CS
outcomes because they can leverage collaborative
systems of care that are already in place. In a recently
published report from the Cardiac Safety Research
Consortium ThinkTank on CS, potential centers of ex-
cellence were described as hospitals with multidisci-
plinary shock teams capable of accurate diagnosis,
rapid stratification of cause, and appropriate triage.?®
They would also be institutions with a track record for
consistently collecting high-quality data that could be
used in registries and trials of drugs and devices. LVAD
centers have established multidisciplinary teams with
processes in place to optimize unstable patients with
heart failure, bridge them to surgery, recover them in
postoperative units, and manage complications, in-
cluding right heart failure, respiratory failure, ventricu-
lar arrhythmias, and vasoplegia. These programs are
also required to analyze LVAD related clinical data and
contribute to an audited registry.?” Last, LVAD centers
have the necessary expertise to identify patients with
CS who will not recover and evaluate them for durable
devices and transplant. To our knowledge, this is the
first study to show, on a national level, that specialized
LVAD centers have better CS outcomes. These data
provide a potential framework to identify “shock team”
capable institutions across the United States that can
actively participate in larger studies of CS.

A major strength of this study was that we used
a nationally representative all-payer cohort to cap-
ture a real-world case mix of CS with a large number
of hospitalizations. However, there are also notable
limitations. First, our definitions of both CS and AMI
were based on /ICD-9-CM codes. Although these
definitions are imperfect, they have nonetheless
been used in multiple previous studies of the NIS
and validated in other studies as well.'>?8-30 Second,
starting in 2012, the NIS was redesigned to represent
a 20% national patient-level sample of all US hospi-
tals. Because of the stratified sampling technique, it
is possible that our definition of hospital type (LVAD
versus non-LVAD) may have missed some hospitals
with a low procedural volume (<5 LVADs annually).
However, our data corresponded with data from
the Centers for Medicare and Medicaid Services.
There were 137 LVAD hospitals identified in our
study for the year 2014, which is the same num-
ber as the 137 Centers for Medicare and Medicaid
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Services—approved ventricular assist device institu-
tions by the end of 2014.8" Third, the NIS lacks infor-
mation on medications, CS severity, hemodynamics,
cardiac biomarkers, left ventricular ejection fraction,
coronary anatomical features, lactate levels, bilirubin
levels, renal function, and frailty, all of which could
have impacted our findings. Fourth, the NIS contains
only inpatient data and does not include outcomes
on long-term survival. Finally, miscoded and missing
data can occur in large administrative databases;
however, quality control procedures are routinely
performed to confirm that data in the NIS are valid
and reliable.

CONCLUSIONS

In this large national study of CS hospitalizations, LVAD
centers had lower in-hospital mortality compared with
non-LVAD centers, even after accounting for various
patient and hospital characteristics, revascularization,
and use of mechanical support devices. LVAD centers
may represent centers of excellence for the manage-
ment of CS and could serve as research sites for future
investigations.
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Table S1. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM) codes and Clinical Classification Software (CCS) codes for identification of Comorbidities in

the Nationwide Inpatient Sample.

Comorbid Conditions/Procedures

Code

Left ventricular assist device

ICD-9-CM 37.66

Heart transplantation

ICD-9-CM 33.6, 37.51

Acute myocardial infarction

ICD-9-CM 410.01, 410.11, 410.21, 410.31,
410.41, 410.51, 410.61, 410.71, 410.81, 410.91

Cardiogenic shock

ICD-9-CM 785.51

Percutaneous coronary intervention

ICD-9-CM 00.66, 36.06, 36.07

Coronary artery bypass surgery

ICD-9-CM 36.10, 36.11, 36.12, 36.13, 36.14,
36.15, 36.16, 36.17, 36.19

Extracorporeal membrane oxygenation ICD-9-CM 39.65
Percutaneous mechanical support ICD-9-CM 37.68
Intra-aortic balloon pump ICD-9-CM 37.61

Pulmonary artery catheter placement

ICD-9-CM 89.63, 89.64, 89.66, 89.67, 89.68

Mechanical ventilation

ICD-9-CM 96.70, 96.71, 96.72

Coronary artery disease

ICD-9-CM 414.00, 414.01, 414.02, 414.03,
414.04, 414.05, 414.06, 414.07

Prior myocardial infarction

ICD-9-CM 412

Prior percutaneous coronary intervention

ICD-9-CM V45.82

Prior coronary artery bypass surgery

ICD-9-CM V45.81

Family history of coronary artery disease

ICD-9-CM V17.3

Cardiac arrest

ICD-9-CM 99.60, 99.62, 99.63




Table S2. Additional baseline characteristics.

Overall LVAD Non-LVAD | P Std Diff
(n= Hospital Hospital value | (%)
272,075) (n=70,685) | (n=201,390)
>75 years 34.9 26.3 38.0 <0.001 | 25.3
Race <0.001
White 66.0 59.8 68.2 17.4
Black 13.0 17.1 115 15.9
Hispanic 7.7 5.3 8.6 13.0
Asian or Pacific Islander 2.9 2.2 3.2 5.8
Native American 0.6 0.5 0.6 0.8
Other 3.5 5.3 2.9 12.0
Unknown/missing 6.3 9.8 5.0 18.1
Primary/expected payer <0.001
Medicare 63.4 57.8 65.4 15.7
Medicaid 9.7 11.2 9.1 7.0
Private insurance 18.7 23.3 17.1 15.6
Self-pay 5.0 4.2 5.3 5.3
No charge 0.4 0.4 0.4 0.1
Other 2.7 2.9 2.6 1.8
Unknown/missing 0.2 0.3 0.2 1.6
Median household income <0.072
0-25th percentile 29.5 29.0 29.6 1.2
26th-50th percentile 25.9 24.4 26.5 4.7
51st-75th percentile 22.8 22.9 22.7 0.3
76th-100th percentile 19.6 21.4 18.9 6.2
Unknown/missing 2.3 2.3 2.3
Elixhauser co-morbidities
AIDS 0.2 0.2 0.1 0.034 |20
Alcohol abuse 5.5 5.1 5.6 0.023 |25
Collagen vascular disease 2.6 2.7 2.6 0.724 |04
Chronic blood loss anemia 1.2 1.2 1.1 0.807 |0.3
Depression 7.0 7.1 7.0 0.571 |0.7
Drug abuse 3.8 3.9 3.7 0.449 10.9
Hypothyroidism 11.8 11.2 11.9 0.076 | 2.2
Lymphoma 1.1 14 1.0 0.001 |33
Metastatic cancer 2.0 2.0 2.0 0.836 | 0.2
Other neurological disorders 9.5 8.4 9.9 <0.001 | 5.1
Paralysis 3.1 3.0 3.2 0.168 |14
Peptic ulcer disease (non- <0.1 <0.1 <0.1 0213 |11
bleeding)
Psychoses 3.4 3.3 3.4 0.790 | 0.3
Solid tumor without metastasis | 2.2 2.2 2.2 0.748 | 0.3

Data are listed as percentages. AIDS = acquired immunodeficiency syndrome.




Table S3. Baseline characteristics in acute myocardial infarction subgroup.

Overall LVAD Non-LVAD P Std
(n= Hospital Hospital value | Diff
129,330) (n=26,650) | (n=102,680) (%)
Age 69.0 £13.3 66.9 £13.2 69.5+13.2 <0.001 | 8.9
> 75 yrs 37.2 30.5 39.0 <0.001 | 17.8
Female 38.4 36.4 38.9 0.001 |5.2
Race <0.001
White 69.6 64.6 70.8 13.3
Black 9.0 11.5 8.3 10.7
Hispanic 7.6 5.4 8.2 11.2
Asian or Pacific Islander 3.2 2.6 3.3 4.2
Native American 0.5 0.6 0.5 1.0
Other 3.8 5.7 3.3 11.8
Unknown/missing 6.4 9.6 5.6 15.3
Primary/expected payer <0.001
Medicare 63.5 59.3 64.6 10.9
Medicaid 8.0 9.1 7.8 4.7
Private insurance 19.7 22.8 18.8 9.9
Self-pay 5.5 4.9 5.7 3.4
No charge 0.4 0.4 0.4 0.3
Other 2.7 3.2 2.5 3.7
Unknown/missing 0.2 0.3 0.2 2.3
Median household income 0.019
0-25th percentile 28.8 28.4 28.9 1.3
26th-50th percentile 26.4 24.1 26.9 6.5
51st-75th percentile 22.9 22.7 23.0 0.6
76th-100th percentile 19.5 22.4 18.8 9.0
Unknown/missing 2.4 2.4 2.4 0.4
Weekend admission 26.8 24.9 27.2 0.001 |5.3
Hospital characteristics
Bed size <0.001
Small 9.3 1.0 11.4 44.2
Medium 24.9 8.7 29.0 53.8
Large 65.9 90.3 59.6 75.8
Urban Location 94.7 99.9 93.4 <0.001 | 36.7
Teaching Hospital 63.2 97.1 54.4 <0.001 | 114.9
Region <0.001
Northeast 17.8 25.3 15.8 23.8
Midwest 215 215 215 0.1
South 40.0 39.9 40.0 0.2
West 20.8 13.2 22.7 25
Cardiac Comorbidities
Known coronary artery 69.9 71.9 69.4 0.010 | 5.6
disease
Family history of coronary 4.6 4.5 4.6 0.793 |05
artery disease
Prior myocardial infarction 9.4 9.3 9.5 0.779 | 0.5




Prior percutaneous coronary 10.2 11.9 9.8 <0.001 | 6.8
intervention
Prior coronary artery bypass | 6.1 6.7 6.0 0.088 |28
surgery

Elixhauser Comorbidities
AIDS 0.1 0.1 0.1 0.782 |04
Alcohol abuse 4.5 4.5 4.4 0.764 |05
Collagen vascular disease 2.3 2.0 2.4 0.084 |29
Congestive heart failure 15.4 16.5 15.1 0.031 |38
Chronic blood loss anemia 1.2 1.1 1.2 0.669 | 0.8
Chronic pulmonary disease 23.4 20.4 24.2 <0.001 | 9.3
Coagulopathy 18.3 22.3 17.2 <0.001 | 12.8
Deficiency anemias 22.6 20.2 23.2 0.001 |74
Depression 6.0 5.6 6.1 0254 | 1.9
Diabetes (uncomplicated) 29.2 29.2 29.2 0.944 |0.1
Diabetes with complications | 8.0 7.4 8.1 0.137 |26
Drug abuse 2.7 2.8 2.7 0.730 | 0.6
Hypertension 61.2 60.4 61.4 0.262 |21
Hypothyroidism 10.5 9.4 10.8 0.008 |45
Liver disease 2.7 3.2 2.6 0.033 |34
Lymphoma 0.7 0.8 0.7 0.784 | 0.4
Fluid and electrolyte 56.9 60.2 56.0 <0.001 | 84
disorders
Metastatic cancer 1.5 1.6 1.5 0328 |15
Other neurological disorders | 8.9 8.3 9.0 0.189 |23
Obesity 13.1 13.0 13.1 0.933 |0.2
Paralysis 3.1 2.8 3.2 0.153 | 2.3
Peripheral vascular disease 15.3 16.5 14.9 0.008 |45
Peptic ulcer disease (non- <0.1 0.0 <0.1 0.257 | 2.2
bleeding)
Pulmonary circulation 3.0 3.5 2.8 0.019 |38
disorders
Psychoses 2.8 2.7 2.8 0.693 | 0.6
Renal failure (chronic) 27.3 26.5 27.5 0240 |21
Solid tumor without 1.9 2.0 1.9 0.605 | 0.8
metastasis
Valvular disease 4.2 5.0 4.0 0.004 |47
Weight loss 10.3 12.3 9.8 <0.001 | 8.2
>3 Elixhauser comorbidities 68.7 70.3 68.2 0.042 | 4.6

Mean + standard deviation for age, otherwise percentages. AIDS = acquired immunodeficiency
syndrome.



Table S4. Procedures in acute myocardial infarction subgroup.

Overall LVAD Non-LVAD P Std
(n=129,330) | Hospital Hospital value | Diff
(n = 26,650) (n =102,680) (%)
Procedures
CPR or intubated <24 hours of | 36.4 355 36.7 0235 |24
admission
IABP 31.8 33.2 31.4 0.085 | 3.8
Percutaneous support 34 4.6 3.1 <0.001 | 7.7
(Impella/TandemHeart)
ECMO 1.1 4.4 0.2 <0.001 | 28.0
PCl or CABG 52.8 53.6 52.6 0272 | 2.0
CABG 13.1 18.5 11.7 <0.001 | 19.2
PCI 42.0 37.4 43.2 <0.001 | 11.9
Mechanical Ventilation 52.4 53.7 52.1 0.096 | 3.3
Pulmonary Artery Catheter 6.3 12.8 4.7 <0.001 | 29.1

AMI = acute myocardial infarction; CS = cardiogenic shock; CPR = cardiopulmonary resuscitation; IABP
= intra-aortic balloon pump; PCI = percutaneous coronary intervention; CABG = coronary artery bypass
graft.



Table S5. Baseline characteristics in non-acute myocardial infarction subgroup.

Overall LVAD Non-LVAD P Std
(n= Hospital Hospital value | Diff
142,745) (n=44,035) | (n=98,710) (%)
Age 66.1+£15.4 62.4 £15.9 67.7+14.9 <0.001 | 15.4
> 75 yrs 32.9 23.7 37.0 <0.001 | 29.2
Female 40.7 39.0 41.4 <0.001 | 4.9
Race <0.001
White 62.8 56.9 65.4 17.5
Black 16.6 20.5 14.9 14.6
Hispanic 7.8 5.2 8.9 14.6
Asian or Pacific Islander 2.8 2.0 3.1 6.6
Native American 0.6 0.5 0.6 2.2
Other 3.3 5.0 2.5 13.1
Unknown/missing 6.2 9.9 4.5 20.8
Primary/expected payer <0.001
Medicare 63.3 56.8 66.2 19.3
Medicaid 11.1 12.5 10.5 6.3
Private insurance 17.9 23.6 15.3 21.3
Self-pay 4.6 3.7 4.9 5.9
No charge 0.3 0.3 0.3 0.3
Other 2.6 2.7 2.6 0.4
Unknown/missing 0.2 0.3 0.2 1.1
Median household income 0.270
0-25th percentile 30.0 29.4 30.3 1.9
26th-50th percentile 25.5 24.6 25.9 3.2
51st-75th percentile 22.6 23.0 22.5 1.1
76th-100th percentile 19.6 20.8 19.0 4.4
Unknown/missing 2.2 2.2 2.2 0
Weekend admission 24.4 22.4 25.3 <0.001 | 6.9
Hospital characteristics
Bed size <0.001
Small 9.4 0.7 13.3 50.8
Medium 22.4 7.5 29.1 58
Large 68.2 91.7 57.7 85.2
Urban Location 96.0 >09.9 94.2 <0.001 | 34.7
Teaching Hospital 70.2 98.7 57.5 <0.001 | 115
Region <0.001
Northeast 18.1 23.0 15.9 18
Midwest 21.1 23.8 19.9 9.5
South 39.3 39.6 39.2 0.7
West 24.4 13.6 24.9 29.1
Cardiac Comorbidities
Known coronary artery 39.4 37.9 40.1 0.010 | 4.6
disease
Family history of coronary 1.8 2.2 1.6 0.006 |44
artery disease
Prior myocardial infarction 10.4 10.9 10.1 0.112 | 2.3




Prior percutaneous coronary 7.4 8.1 7.1 0.021 | 3.6
intervention
Prior coronary artery bypass | 8.8 8.5 8.9 0315 |15
surgery

Elixhauser Comorbidities
AIDS 0.2 0.3 0.2 0.046 |25
Alcohol abuse 6.4 5.4 6.9 <0.001 | 6.1
Collagen vascular disease 2.9 3.1 2.8 0256 |16
Congestive heart failure 32.2 29.4 33.4 <0.001 | 8.7
Chronic blood loss anemia 1.1 1.2 1.1 0.368 | 1.3
Chronic pulmonary disease 26.8 22.9 28.5 <0.001 | 12.6
Coagulopathy 23.3 26.9 21.7 <0.001 | 12.2
Deficiency anemias 25.4 22.7 26.5 <0.001 | 8.9
Depression 7.9 8.1 7.9 0.646 | 0.7
Diabetes (uncomplicated) 25.8 24.6 26.3 0.015 | 3.9
Diabetes with complications | 7.8 6.3 8.5 <0.001 | 8.6
Drug abuse 4.7 4.6 4.8 0436 |1.2
Hypertension 54.9 52.0 56.2 <0.001 | 8.4
Hypothyroidism 12.9 12.3 13.1 0126 |24
Liver disease 5.9 6.3 5.8 0.123 |22
Lymphoma 14 1.7 13 0.005 |35
Fluid and electrolyte 66.7 65.5 67.3 0.044
disorders 3.8
Metastatic cancer 2.5 2.3 2.6 0.130 |2
Other neurological disorders | 10.1 8.5 10.8 <0.001 | 8
Obesity 15.1 15.1 15.1 0.950 |0.1
Paralysis 3.2 3.0 3.2 0.490 |0.9
Peripheral vascular disease 12.5 12.1 12.7 0.249 |18
Peptic ulcer disease (non- <0.1 0.1 <0.1 0.045
bleeding) 2.3
Pulmonary circulation 9.8 10.1 9.7 0.360
disorders 1.3
Psychoses 3.9 3.7 4.0 0299 |14
Renal failure (chronic) 35.0 35.8 34.7 0.182 |23
Solid tumor without 2.4 2.3 2.4 0.616
metastasis 0.7
Valvular disease 9.4 8.6 9.8 0.007 |4
Weight loss 15.0 16.5 14.3 0.001 |6.2
>3 Elixhauser comorbidities 79.9 78.2 80.6 0.015 |58

Mean + standard deviation for age, otherwise percentages. AIDS = acquired immunodeficiency

syndrome.




Table S6. Procedures in non-acute myocardial infarction subgroup.

Overall LVAD Non-LVAD P Std
(n=142,745) | Hospital Hospital value | Diff
(n = 44,035) (n=98,710) (%)
Procedures
CPR or intubated <24 hours of | 33.3 28.5 35.4 <0.001 | 14.9
admission
IABP 6.9 9.9 5.6 <0.001 | 15.9
Percutaneous support 0.9 15 0.6 <0.001 | 8.6
(Impella/TandemHeart)
ECMO 1.5 4.2 0.2 <0.001 | 27.1
PCl or CABG 6.8 8.1 6.2 <0.001 | 7.2
CABG 4.7 5.9 4.1 <0.001 | 8.4
PCI 2.3 2.3 2.3 0.869 | 0.2
Mechanical Ventilation 54.6 50.1 56.6 <0.001 | 12.9
Pulmonary Artery Catheter 7.6 15.6 4.0 <0.001 | 39.7

AMI = acute myocardial infarction; CS = cardiogenic shock; CPR = cardiopulmonary resuscitation; IABP
= intra-aortic balloon pump; PCI = percutaneous coronary intervention; CABG = coronary artery bypass
graft.



Table S7. Baseline characteristics in LVAD vs. large, non-LVAD, CABG-capable hospitals.

Overall LVAD Non-LVAD, P Std
(n= Hospital CABG- value | Diff
171,210) (n=70,685) | Capable (%)
Hospital
(n =100,525)
Age 66.4 £ 14.5 64.1+£15.1 68.0 £ 13.9 <0.001 | 12.0
>75yrs 31.7 26.3 35.4 <0.001 | 20.0
Female 38.7 38.0 39.1 0.049 |23
Race <0.001
White 65.5 59.8 69.4 20.2
Black 13.0 17.1 10.1 20.4
Hispanic 7.2 5.3 8.5 12.7
Asian or Pacific Islander 2.8 2.2 3.1 54
Native American 0.6 0.5 0.6 0.8
Other 4.0 5.3 3.0 11.2
Unknown/missing 7.1 9.8 5.2 17.3
Primary/expected payer <0.001
Medicare 61.6 57.8 64.3 135
Medicaid 10.3 11.2 9.7 5.0
Private insurance 19.8 23.3 17.3 15.0
Self-pay 4.9 4.2 5.4 5.6
No charge 0.4 0.4 0.4 0.4
Other 2.8 2.9 2.8 0.6
Unknown/missing 0.2 0.3 0.1 1.3
Median household income <0.001
0-25th percentile 30.2 29.0 31.1 4.5
26th-50th percentile 26.3 24.4 21.7 7.5
51st-75th percentile 22.7 22.9 22.5 0.9
76th-100th percentile 18.5 214 16.5 12.6
Unknown/missing 2.3 2.3 2.2 0.8
Weekend admission 25.3 23.3 26.6 <0.001 | 7.6
Hospital characteristics
Bed size <0.001
Small 0.3 0.8 0.0 12.9
Medium 3.3 8.0 0.0 41.7
Large 96.4 91.2 100 43.9
Urban Location 96.7 99.9 94.4 <0.001 | 33.8
Teaching Hospital 70.9 98.1 51.8 <0.001 | 126.0
Region <0.001
Northeast 17.2 23.9 12.5 30.0
Midwest 22.6 22.9 22.4 1.3
South 39.1 39.7 38.7 2.1
West 21.1 13.5 26.5 33.0
Cardiac Comorbidities
Known coronary artery 54.8 50.7 57.7 <0.001 | 14.1
disease




Family history of coronary 3.3 3.1 35 0.163 | 2.2
artery disease
Prior myocardial infarction 9.9 10.3 9.7 0184 |19
Prior percutaneous coronary | 9.1 9.5 8.8 0.102 |23
intervention
Prior coronary artery bypass | 7.5 7.8 7.3 0.099 |21
surgery

Elixhauser Comorbidities
AIDS 0.2 0.2 0.1 0.011 |27
Alcohol abuse 5.3 5.1 55 0149 |18
Collagen vascular disease 2.6 2.7 2.5 0.306 |13
Congestive heart failure 23.1 24.5 22.1 <0.001 | 5.7
Chronic blood loss anemia 1.2 1.2 1.1 0.791 |0.3
Chronic pulmonary disease 24.2 22.0 25.8 <0.001 | 8.9
Coagulopathy 22.2 25.2 20.2 <0.001 | 12.0
Deficiency anemias 23.4 21.8 24.6 <0.001 | 6.6
Depression 6.8 7.1 6.6 0136 |21
Diabetes (uncomplicated) 27.4 26.3 28.2 0.004 |4.1
Diabetes with complications | 7.6 6.7 8.3 <0.001 | 6.0
Drug abuse 3.7 3.9 3.6 0220 | 1.6
Hypertension 56.9 55.1 58.2 <0.001 | 6.2
Hypothyroidism 11.5 11.2 11.7 0247 |15
Liver disease 4.5 5.1 4.1 <0.001 | 4.9
Lymphoma 1.1 14 1.0 0.001 | 3.7
Fluid and electrolyte 62.0 63.5 61.0 0.006 |51
disorders
Metastatic cancer 1.9 2.0 1.7 0.038 | 2.3
Other neurological disorders | 8.9 8.4 9.3 0.025 |29
Obesity 14.4 14.3 14.4 0.832 |0.3
Paralysis 3.1 3.0 3.1 0411 | 0.9
Peripheral vascular disease 13.7 13.8 13.6 0.790 |04
Peptic ulcer disease (non- <0.1 <0.1 <0.1 0719 |04
bleeding)
Pulmonary circulation 6.4 7.6 55 <0.001 | 8.4
disorders
Psychoses 3.3 3.3 3.3 0.754 |04
Renal failure (chronic) 31.0 32.3 30.1 0.003 | 4.7
Solid tumor without 2.1 2.2 2.0 029 |12
metastasis
Valvular disease 6.7 7.3 6.2 0.002 |41
Weight loss 12.8 14.9 11.4 <0.001 | 10.6
>3 Elixhauser comorbidities | 74.0 75.3 73.2 0.029 |48

Mean + standard deviation for age, otherwise percentages. LVAD = left ventricular assistance device;
CABG = coronary artery bypass graft; AIDS = acquired immunodeficiency syndrome.



Table S8. Case presentations and procedures in LVAD vs. large, non-LVAD, CABG-capable
hospitals.

Overall LVAD Non-LVAD, P Std
(n=171,210) | Hospital CABG- value | Diff
(n =70,685) Capable (%)
Hospital
(n =100,525)
Presentation
Non-AMI-CS 53.5 62.3 47.2 <0.001 | 30.6
AMI-CS 46.5 37.7 52.8 <0.001 | 30.6
Procedures
CPR or intubated <24 hours of | 34.2 31.1 36.3 <0.001 | 11.0
admission
IABP 20.4 18.7 21.6 <0.001 | 7.2
Percutaneous support 2.6 2.6 2.5 0.572 |0.8
(Impella/TandemHeart)
ECMO 2.0 4.3 0.3 <0.001 | 26.3
PCIl or CABG 30.6 25.2 34.4 <0.001 | 20.2
CABG 10.5 10.7 10.3 0441 |13
PCI 21.6 15.5 25.8 <0.001 | 25.6
Mechanical Ventilation 53.3 51.5 54.5 <0.001 | 6.1
Pulmonary Artery Catheter 9.0 14.6 5.2 <0.001 | 31.8

LVAD = left ventricular assistance device; AMI = acute myocardial infarction; CS = cardiogenic shock;
CPR = cardiopulmonary resuscitation; IABP = intra-aortic balloon pump; PCI = percutaneous coronary
intervention; CABG = coronary artery bypass graft.



